We compared concentrations ofchloride and sulfate in sweat obtained by use of the Macroduct capillary-coil collection device with results obtained by the conventional absorbent filter pad technique. Samples obtained with the device weighed less than those obtained conventionally, but sweat chloride concentrations were not significantly different. To assess analysis of trace anions, we used inorganic sulfate as a prototype. Background contamination, a problem with the filter pads, was negligible with the Macroduct collector. However, with the Macroduct device, sulfate concentrations were nominally higher than with the conventional pads (105 ± 6 vs 88 ± 5 p.mol/L) and showed no dependence of sulfate concentration on sweat rate. Subtraction of the significant "background" SO4 concentration obtained with blanks (i.e., unused filter pads) is a likely source of error in the conventional method. We consider the Macroduct device useful for study of trace constituents of human sweat. The collection procedure isa well-known source oferror in determination of solute concentrations in sweat (1), for example, in measuring sweat chloride to diagnose cystic fibrosis (1,2). As Gibson and Cooke (3) showed, pilocarpine iontophoresis followed by sweat collection onto absorbent ifiter pads is a reproducible method for collecting sweat samples that can be subsequently assayed for chloride. However, several problems potentially affect this procedure, including sample evaporation during analysis and oversaturation of pads (1). In the course of our study of inorganic sulfate (SO4), a trace anion in sweat, we faced the more formidable problem of variable and occasionally substantial background contamination (4).As others have observed for chloride, we found that almost all ifiter pads contain measurable sulfate. Some of this can be removed by further clean-up, but the procedure is tedious and not always fl.illy effective. By subtracting "blank" values obtained with unused ifiter pads and discarding sweat collections with unacceptably high blanks we reduced the error, but such contamination has always been a source of concern.
Materials and Methods

Sample Collection
Study subjects were volunteers, laboratory personnel of ages 17 to 43 years. Between uses, the device was rinsed with successive 5-to 50-mL volumes of 5 mmol/L HNO3 ("Ultrex" grade; J. T. Baker, Phillipsburg, NJ), reagent grade de-ionized water (resistance >10 MCi), and "Certified Electronic-Grade" methanol (Fisher Scientific Co., Fair Lawn, NJ), by continuous aspiration of the rinse solutions through the tubing.
The assembled devices were then air-dried for at least 24 h, then placed in a vacuum desiccator for 24 h. Weights of collecting coils stored in the desiccator were constant to within 0.53%.
After iontophoresis with 5 x 3 cm (skin-surface area) gauze-covered electrocardiograph electrodes (no. 572-1717; Hewlett-Packard Medical Instruments, Waltham, MA) soaked with a 20 g/L solution of pilocarpine hydrochloride, we placed two cleaned, pre-weighed filter pads adjacent to each other on the stimulated area of one forearm, covered them with a 5 x 8 cm sheet of Parafilm, and taped them securely to the arm.
On the oppositeforearm, two Macroduct devices were secured with separate Velcro straps (not commercially supplied). If snugly apposed to one another, both fit over the area stimulated by iontophoresis. After 45 mm of sweat collection, we removed the absorbent filter pads with forceps and placed them in preweighed,rinsed, S04-free vials. After reweighing them, we added4.0 mL of 1 mmol/L NaOH solutionand collectedthe liquid eluted from the pads.
After removing the Macroduct collection devices, also after 45 mm of sweat collection, we removed the collection coils and expelled the contents from one end of the tubing into pre-weighed S04-free 1.5-mL polyethylene tubes by inserting a small disposable pipette tip attached to an automatic pipette into the other end. After re-weighing the polyethylenetube, we immediately diluted its contents with exactly 1.5 mL of the NaOH solution.
Samples from both collection methods, diluted in the NaOH solution, were stored at 4#{176}C and analyzedwithin 72 h.
Analysis
To regression coefficients were subjected to analysis of variance and interpreted by use of the F-and t-tests as outlined by Sokal and Rohlf (7) . Data are expressed as mean ± standard error (SE), unless otherwise indicated.
Results
Background Contamination
Sweat chloride concentrations normally range from 5 to 50 mmol/L, so that the background contaminationof the washed ifiters (<0.1 mmoIJL) is essentially negligible. SO4 is present in nanomolar amounts, but careful washing of the filter pads decreased the background to about 12% of concentrations in sweat. However, the collection coil generated a background that was nearly 10-fold less than that for the filter pad ( Table 1) . It was generally indistinguishable from the barely detectable peak generated by presumed "contaminants" of the NaOH diluent. Overall, background was reduced to 1.1% with the Macroduct device.
Sweat-Sample Weights
The reproducibility ofthe collection process was indirectly assessed by comparing sweat samples obtained in duplicate from the same forearm. As shown in Figure 2 , duplicate weights were significantly correlated. Assuming minimal biological differences, the variance between duplicates yields a maximum variance for the method itself. Two-way analysis of variance separates the variance attributable to method from that attributable to differences between subjects. For 26 pairs, we found that the former was <16% of the latter (data not shown). Thus, the amount of sweat collected in the capillary coils is satisfactorily reproducible. Sweat weights obtained by capillary coil collection are significantly less than those obtained by ifiter pad, even when apparent differences in surface area are taken into account (Table 2) . However, the correlation between volumes obtained by the two methods is highly significant; regression analysis shows that the relationship is linear, with the intercept not significantly different from zero 
Sweat Chloride and Sulfate
The mean sweat-chloride concentration in our sample of 14 subjects tested by the collection coil method was 26.8 mmol/L, not significantly different from the concentrations in samples from the opposite forearm collected by the ifiter pad method ( 
weights (and apparent sweat rates) is probably not related to differences in sampling location, because there is no inherent reason to believe that sweat function in one forearm differs consistently from that in the other. It is also improbable that the differences are an artifact of evaporation or condensation since chloride concentrations were the same in both collections. The most likely explanation is that the physical dimensions of the collection device misrepresent the actual areas from which the sweat is produced. In the case of the absorbent filter pads, sweat that pools in areas immediately adjacent to the pad may be drawn up into the pad by capillary forces. In the Macroduct, the hermetic seal generated at the periphery of the disc probably prevents sweat excretion there from channeling into the center of the device. Thus, the functional surface area of the filter pads is greater than its physical dimensions, whereas the opposite is true of the Macroduct device.
The fact that the differences in apparent sweat rate had no influence on sweat chloride concentrations confirms earlier reports that the Macroduct device can be reliably used in routine testing for cystic fibrosis (10, 11) .
The concentrations of SO4 were 14% higher with the Macroduct. We first considered that the Macroduct values might be artifactually high, but the absence of any identifiable source of contamination and the lack of discrepancy between the sets of chloride values made this unlikely. Alternatively, we considered that the ifiter pad values may be artifactually low. Incomplete recoveries are a possible source of this error, but it seems more likely that subtraction of a "blank value" for filter-pad SO4 is inappropriate. This would be true if the sites for nonspecific SO4 adsorption to the ifiter pads were readily saturated by the SO4 in a sweat sample. In that case, elution of the blank ifiter pad with NaOH solution would result in significant net desorption of contaminating SO4 but NaOH elution of the sweatladen ifiter pad would result in equal rates of desorption and absorption and hence no net contamination of eluent. Supportive evidence for this concept was reported in an earlier study in which we examined the adsorptive capacity of the ifiter pads (4). When small volumes of 100 .ano)JL NaOH were added to cleaned pads, recovery was significantly less than 100%, but addition of samples of larger volume or higher ionic strength (e.g., Ringer's lactate) allowed complete recovery of SO4. Because of this bias and because of the apparent dependence of SO4 concentrations on sweat rate in the ifiter pad samples, we suggest that use of the Macroduct collector allows more precise analysis of SO4. As of yet, however, there is no well-defined reference method to permit one to assessabsolute accuracy. Clearly, interpretation of experimental data obtained with either technique requires the establishment of control or reference values by the same method.
Nevertheless, the simplicity of the Macroduct and its minimal background contamination make It a useful collection device for the assay of the trace constituents of sweat.
This will be of interest to those studying disorders of eccrine gland function such as cystic fibrosis.
